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INTRODUCTION

A total of 314 sediment cores and grab samples were collected in an 80,000 km? area of Navarin
basin province, northern Bering Sea during four cruises in 1980, 1981, and 1982 (Fig.1). Various ana-
lyses were performed on subsamples taken from the cores and grab samples in order to describe the
properties of the surface and near- surface sediment. We report the final results of grain-size analyses
and compositional studies and present preliminary interpretations based on these analyses. Two previous
open-file reports (Karl and Carlson, 1982b; Karl and Carlson, 1984) described preliminary grain-size
results. The figures in this report have been reproduced from the best available copies. Better reproduc-
tions, especially of the station location map , Figure 1, are found in the open-file reports referenced

above.

DATA COLLECTION

Twenty-two gravity cores and 33 grab samples were collected in spring 1980 from the USCG ice
breaker POLAR STAR during cruise PST-80-BS; 104 gravity cores, 10 grab samples and 1 dredge sam-
ple were collected in summer 1980 during NOAA ship DISCOVERER cruise DC 4/5-80-BS/NB; 88
gravity cores 10 grab samples, 6 box cores, and 5 vibracores were collected in summer 1981 during
DISCOVERER cruise DC 2/3-81-BS/NB; and 25 gravity cores and 11 grab samples were collected in
summer 1982 during cruise L10-82-BS of the USGS vessel S.P. LEE. The cores obtained on the
POLAR STAR cruise, a cruise of opportunity whose main purpose was to follow the pack ice, were
collected at random sites as time permitted. The other three cruises were combination seismic-
reflection profiling and sampling cruises. The seafloor samples were collected at intersections of seimic
grid lines and at key locations of stratigraphic, sedimentologic, and environmental hazard significance.

No core splitting equipment was available on the POLAR STAR. PST-80-BS cores were stored at

Adak, Alaska from late May to late July and then transferred to the DISCOVERER and split and



subsampled on board. DC 4/5-80-BS/NB and DC 2/3-81-BS/NB cores were split and described on board
ship. The split cores were placed in D-tubes and kept with subsamples in cold storage. Cores from
L10-82-BS were not split on board. These cores were left in cold storage on the ship and unloaded at
the end of the field season. The cores were split, described, and subsampled in the USGS laboratories at
Palo Alto. The cores are archived at the U.S. Geological Survey cold storage facilities in Palo Alto and

Redwood City, California.

Navigation was by Loran C and satellite; position accuracies are probably on the order of 0.5 km.

METHODS

Grain-size analysis:-- Subsamples obtained from gravity cores and grab samples were soaked in H,0,
solution or acetone solution to remove oxidizable organic matter disaggregate the samples. The sam-
ples were next wet sieved on a 63 um screen to separate the mud and the sand fraction . If gravel (>2
mm) was present, it was separated from sand by dry sicving. The fine-sediment fraction (<63 pm) was
analyzed by standard pipette method and the sand-size material analyzed by standard rapid settling tube

(RSA) method. Statistical parameters were calculated as moment measures.

Constituent grain composition analysis:-- A split of the sand-size fraction of the subsamples was
obtained for grain composition analysis. Analysis was performed by visual identification of between
300 and 400 sand grains with the aid of a binocular microscope using a magnification of S0X. Statisti-

cal parameters were calculated for grain composition and their relation to water depth.
RESULTS

Grain-size analysis:-- Table 1 contains the results of grain-size analyses done on 276 samples. Of these,
204 are surface samples, which in the case of cores is defined as being from the upper 30 cm. The
variation in textural parameters across the study area is shown in Figures 2 through S. These maps show
that grain-size properties of surficial sediment present in a fairly contiguous band on the outer shelf and

upper slope differ considerably from the properties of sediment on the adjacent shelf and slope. This



band is best defined by the sand/mud ratio (fig. 5); all sediment within this band has a sand/mud ratio
equal to or greater than 1. Sand/mud ratios of samples within the band have a mean of 4.2 with a stan-
@d deviation of 7.6. Mean grain-size of these samples is 3.7 ® with a standard deviation of 0.8. Sam-
ples on the shelf outside the band of sandy sediment have an average sand/mud ratio of 0.3 with a stan-
dard deviation of 0.2 and an average grain-size of 6.2 ® with a standard deviation of 0.9. Samples on
the slope and rise have a mean sand/mud ratio of 0.2 with a standard deviation of 0.2 and a mean
grain-size of 6.9 ® with a standard deviation of 0.9.

Sediment within the shelf break band, then, is markedly sandier and coarser than that on the shelf
and slope. The boundaries of the shelf break band generally lie between the 150 and 500m bathymetric
contours, but deviate from this at the submarine canyons. The other feature of note on the textural
parameter maps is a zone of fine-grained and poorly sorted sediment on the shelf in the northern part of
the study area. Grain-size properties in this zone compare closely with those of typical slope and rise

samples (Figs. 6 and 7).

Constituent grain composition:-- Table 2 contains the results of compositional analyses done on 224
samples of which 149 are surface samples (upper 30 cm). Figures 8 and 9 show the variation across
Navarin basin province of detrital grains and biogenic grains. Contour patterns on these two maps are
essentailly the inverse of one another. Figure 8 reveals that there are zones in which the biogenic con-
stituents are concentrated. High percentages of biogenic constituents occur on the shelf in water shal-
lower than 150 m and on the slope and rise. The shelf break is generally a region of low percentages of
biogenic constituents. The 20% isopleth defines a very sinuous pattern. Areas on the shelf between the
submarine canyons show high percentages of biogenic grains, whereas the canyons themselves and the
area on the shelf adjacent to the canyon heads show very low percentages of biogenic grains. Most of
the biogenic grains are diatom remains (Table 2). Glauconite is present in a few samples generally in
trace amounts; two samples, however, are >40% glauconite (Table 2). Volcanic shards and mica flakes
generally constitute 1-5% of many of the samples and attain maximum values of 15-17% in a few sam-

ples (Table 2).



DISCUSSION AND INTERPRETATION

The predominance of fine silt- and clay- size material in the rise and slope samples is typical
of dgep water énvironments. The abundance of diatoms in the biogenic component of the slope and rise
sediments reflects nutrient-rich upwelled water (Handa and Tanoue, 1981). Depositional conditions in
these environments during low stands of sea level in the Pleistocene probably would not have been
appreciably different than present-day conditions. This, however, is not true of the shelf, shelf break
sand zone, and canyon heads. The fine sediments in thé northern section of the shelf may indicate that
relict sediment from lower sea level stands is being diluted with finer material following flooding of the
shelf. This interpretation is consistent with the high percentages of biogenic grains, mostly diatoms,
found in the sediment covering this area (Fig. 8; Table 2). Alternatively, this area may be a sediment
sink owing to differential basin subsidence (Carlson et al., 1982). The zone of coarse sediment at the
shelf edge and in the canyon heads could reflect, in part, deposition at times of lower sea levels when
shorelines were at or near these areas (Karl and Carlson, 1982). Individual sand zores in the canyon
heads that are distinguished by large sand waves and sets of inclined beds cover areas as great as 1400
km? and are as thick as 100 m. This sand could have accumulated at the mouths of streams that crossed
the exposed continental shelf. Alternatively, the sand zones might reflect modern processes that supply
sufficient energy to winnow sediment at these sites. The Bering Slope Current which flows northwest-
ward parallel to the shelf break, and internal waves, which may be focused in and adjacent to heads of
the submarine canyons, are potential mechanisms to supply energy to winnow sediments. Patterns in the
biogenic constituent percent suggest that the submarine canyons influence current systems on the shelf,
thereby influencing sedimentation (Fig. 8). These patterns are very similar to the regional variation in

total suspended matter (Karl and Carlson, in press).

The primary textural patterns on the shelf probably reflect the pelagic depositional environment
since the Holocene transgression. The band of relatively coarse sediment along the outer shelf and
upper slope may reflect material deposited by small glacial streams at the shoreline during the low

stands of sea level in the Pleistocene. This relict sediment is presently being diluted by modem fine-



- grained sediment, but there is sufficient energy at the shelf break to maintain the coarse nature of this
zone relative to the shallower parts of the shelf and deeper parts of the slope. Preliminary analysis of
the seismic stratigraphy of the Navarin basin province and the fact that present day fluvial sources are
more than 300 km away support this hypothesis. The large submarine canyons seem to affect deposi-
tion on the shelf by controlling current regimes as indicated by the patterns of biogenic material on the

shelf.
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TABLES

1. Grain-size parameters for all samples

2. Compositional parameters for all samples
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